Sucrose gradient analysis revealed an aldosterone-dependent increase in the incorporation of [3H]uridine into a nonmethylated, rapidly labeled RNA that sedimented at 9-12 S. This effect was antagonized by an anti-mineralocorticoid, spironolactone (SC 9420), and was not elicited either by a glucocorticoid, cortisol, or by the inactive isomer, 17-a-isoaldosterone. These findings are in accord with the inference that mRNA is induced by aldosterone during the latent period and that the induced mRNA mediates the action on sodium transport.
The action of aldosterone appears to be mediated by the following sequence of events: (1) binding of aldosterone to a specific cytoplasmic receptor and attachment of this complex to gene sites, (2) enhanced synthesis of RNA and of specific protein(s), (3) augmentation of sodium transport by the induced protein(s) (1, 2) . A variety of findings support this hypothesis including: the presence of nuclear receptors in target tissues (2) , effects of inhibitors of RNA and protein synthesis (3) (4) (5) (6) , and effects on specific mitochondrial enzymes (7), RNA polymerase activity (5, 8) , chromatin template activity (9) , and incorporation of precursors into total or nuclear RNA (10) (11) (12) (13) . Precise definition of regulation of transcription by aldosterone, however, has not yet been achieved. Recent attempts to demonstrate direct effects on the synthesis of discrete classes of RNA were unsuccessful (13, 14) .
MATERIALS AND METHODS
Colombian, female toads (Bufo marinus) (from Tarpon Zoo, Florida) were partially immersed in saline (0.075 M), at room temperature, for 48 hr before use. After double pithing and perfusion of the circulation with about 200 ml of oxygenated incubation medium through a heart puncture, everted hemibladders (mucosal side outside) were mounted as sacs on plastic canulas (15) . The sacs were filled with 5 ml and immersed in 90 ml of the incubation medium. Both sides were oxygenated with 97% 02-3% CO2 and the temperature of the bath was maintained at 250 (4±0.2). Potential difference (P.D.) and short-circuit current (SCC) were measured at 30-min intervals as described previously (15) . Four hours after mounting, aldosterone (final concentration = 70 nM) was added to the mucosal and serosal solutions of the test hemibladders and diluent to the control. The (19) and DNA by the method of Burton (20) .
Materials. The incubation medium contained 90 mM NaCl, 3 mM KCI, 25 mM NaHCO3, 3.9 mM MgSO4, 3.9 mM KH2PO4, 1 mM CaC12, 6 mM glucose (osmolarity about 230 3101 Abbreviation: SCC, short-circuit current (microamperes). (3) . As shown in Fig. 1 , the SCC of the aldo- Fig. 1 ) and the acid-soluble pool of [3H]uridine was measured.
Aldosterone had no effect on this pool (i.e., difference was -I1%). In addition, 25 pairs of hemibladders were exposed to aldosterone for 90 min and labeled with [3H]uridine for the final 30 mim. At this time, the SCC was significantly increased in the aldosterone-treated hemibladders (P < 0.02) ( Table 1) . There were small but statistically insignificant increases in the acid-soluble pool of [3H]uridine (+ 17%, P > 0.15) and in the specific activity of total RNA (+ 12%, P > 0.05) with aldosterone. Epithelial homogenates were also analyzed for ribonuclease activity. As shown in Table 2 (Fig. 3, middle panel) . Addition of SC 9420 to the lreparation treated with aldosterone, reduced the SCC response significantly (P < 0.02) and the incorporation of [3Hjuridine into RNA in the 9-12S region (Fig. 3, right hand panel).
The specificity of the response was also tested with cortisol, an effective glucocorticoid. Cortisol (70 nM) had no effect on SCC and elicited only a small increase in the incorporation of [3H ]uridine into RNA in the 4S region (Fig. 4, left hand panel) .
In contrast, addition of aldosterone (70 iinM) to cortisoltreated (70 nMI) hemibladders increased the SCC (P < 0.02) and the incorporation of [3H]uridine into RNA (4S-18S) (Fig. 4 , right hand panel), as compared to cortisol alone. The specificity of the effect on RNA was also assessed with the inactive isomer, 17-a-isoaldosterone (22) . 17-a-Isoaldosterone had no effect on the SCC (P > 0.5) and gave the same [3H]uridine labeling pattern as the controls (Fig. 5) .
Correlation of the Effects of Aldosterone on SCC and Labeling of RNA. The possibility that the change in SCC might relate quantitatively to the effects on RNA synthesis (assuming that changes in [3H]uridine incorporation reflect changes in RNA synthesis) was explored by comparing the fractional increase in specific activity of 9S-12S cytoplasmic RNA and the fractional increase in SCC, measured at 120-180 min (Fig. 6) . The mean values were taken from the data in Figs. [2] [3] [4] [5] in which a 30-min [3H]uridine pulse and 90-to 150-min chase were used. These populations cover a wide range of responses from no increase in SCC after SC 9420 or cortisol to maximum increases elicited by aldosterone. The increase in SCC correlated significantly with the increase in incorporation of [3H]uridine into 9S-12S RNA (P < 0.05).
DISCUSSION
The data indicate that aldosterone (at physiological concentrations) increases the incorporation of precursor into a class of RNA with the characteristics of mRNA. This effect could t SCCt/SCCo ratio (n = 9 pairs, both experiments combined) was significantly greater with aldosterone (P < 0. 002). [3H]uridine content was increased about 17% by aldosterone (Table 1) , whereas incorporation into 9S-12S RNA was increased by 26-120% (Figs. 1 and 2 ). In addition, aldosterone had no effect on ribonuclease activity of crude homogenates (Table 2) . Moreover, two lines of evidence imply that aldosterone induced the synthesis of this class of RNA: (1) The steroid evoked only a modest increase in the specific activity of total RNA (about 15%, Table 1 ) as compared to that of the 9S-12S fraction. (2) During the first 30 min, the effect of aldosterone on the labeling of the 9S-12S fraction is much greater than the effect, if any, on the 18S and 28S rRNA peaks (Figs. 3 and 4) , If all classes of RNA share a common precursor pool, which is likely, these results imply enhanced synthesis of mRNA and are in contrast to those of.Rousseau and Crabbe (13), Vancura et al. (14) , and Sharp and Komack (23) . These earlier studies, however, differed from ours in a number of respects: (1) We used constant temperature conditions (25 0.20) , which provided more reproducible and faster kinetics of RNA synthesis; which is in accord with the finding of pronounced temperature dependence in [3H ]uridine uptake (12) . ()) Sterile conditions were maintained during homogenization of the epithelia and extraction of the RNA to limit contamination with exogenous ribonucleases. (3) Sufficient tissue was pooled to provide adequate counting rates in all density gradient fractions. (4) Simultaneous monitoring of the SCC established the existence of a positive response to aldosterone (Fig. 6) . (5) Well-defined labeling of all of the classes of cytoplasmic RNA was achieved with a 30-min [3H]uridine pulse and a chase of 90-150 min. Some of the earlier studies (13, 14, 23) used continuous labeling which may have obscured the increment in labeling of the cytoplasmic 9S-12S class imparted by the steroid. We recently found that pulse labeling 150 mim after administration of the hormone resulted in lesser incorporation of [3H]uridine into 9S-12S RNA than a similar pulse during the first 30 mim of exposure to the steroid (unpublished observations).
The physiological significance of the observed changes in labeling of "mRNA" induced by aldosterone was explored by studies with other steroids. The spirolactones antagonize the action of aldosterone on Na+ transport, apparently by com- Proc. Nat. Acad. Sci. USA 71 (1974) no
